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Abstract

The Hierarchical Data Format (HDF) is a general-purposed
scientific data format developed at the National Center for
Supercomputing Applications.  It supports metadata,
compression, and a variety of data structures (multidimensional
arrays, raster images, tables).  FORTRAN 77 and ANSI C
programming interfaces are available for it and a wide variety of
visualization tools read HDF files.  We discuss the features of
this file format and its possible uses in TRANSIMS.
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Outline

■ HDF*
• motivation
• features
• platforms
• application program interfaces
• limitations
• analysis software

■ TRANSIMS
• storage requirements
• possible uses of HDF
• future plans

*Most of the material presented in this section has been extracted verbatim from HDF documentation.
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Overview

■ HDF stands for Hierarchical Data Format.
■ HDF is a library and multi-object file format for the transfer of

graphical and numerical data between machines.
■ HDF is a library and platform independent data format for the

storage and exchange of scientific data.
■ It includes Fortran and C calling interfaces, and utilities for

analyzing and converting HDF data files.
■ HDF is developed and supported by NCSA, and is available in

the public domain.
■ HDF is used world-wide in many fields, including Environmental

Science, Neutron Scattering, Non-Destructive Testing, and
Aerospace, to name a few.

■ Scientific projects that use HDF include NASA’s Mission to
Planet Earth, and the DOE’s Accelerated Strategic Computing
Initiative.
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Motivation

■ Scientists commonly generate and process data files on several
different machines, use various software packages to process
files and share data files with others who use different machines
and software.

■ Also, they may include different kinds of information within one
particular file, or within a group of files, and the mixture of these
different kinds of information may vary from one file to another.

■ Files may be conceptually related but physically separated.
■ It is also possible that data may be related only in the scientist’s

conception of the data; no physical relationship may exist.
■ HDF addresses these problems by providing a general-purpose

file structure.
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Features

■ versatile
• HDF supports several different data models.
• Each data model defines a specific aggregate data type and

provides an API for reading, writing, and organizing data and
metadata of the corresponding type.

• Data models supported include multidimensional arrays, raster
images, and tables.

■ self-describing
• An application is able to interpret the structure and contents of a

file without any outside information.

■ flexible
• With HDF, you can mix and match related objects together in

one file and then access them as a group or as individual
objects.

• Users can also create their own grouping structures.
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Features (continued)

■ extensible
• It can easily accommodate new data models, regardless of

whether they are added by the HDF development team or by
HDF users.

■ portable
• HDF files can be shared across most common platforms,

including many workstations and high performance computers.
• An HDF file created on one computer can be read on a different

system without modification.
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Data Storage Options
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C and FORTRAN Language Interfaces
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Interface Documentation Example
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Supported and Tested Platforms for Version 4.0
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Primary Data Structures
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Application Program Interfaces

■ DFR8 stores, manages and retrieves 8-bit raster images, their
dimensions and palettes in one file.

■ DFP stores and retrieves 8-bit palettes in one file.
■ DF24 stores, manages and retrieves 24-bit images and their

dimensions in one file.
■ SD and DFSD store, manage and retrieve multi-dimensional

arrays of integer or floating-point data, along with their
dimensions and attributes, in more than one file.

■ AN stores, manages and retrieves text strings used to describe
a file or any of the data elements it contains.

■ VS stores, manages and retrieves multivariate data stored as
records in a table.

■ V creates groups of any primary HDF object type.
■ GR stores, manages and retrieves raster images of several bit

lengths, their dimensions and palettes in more than one file.
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Levels of Interaction
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Data Type Definitions
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Scientific Data Sets (SD API)

■ In HDF, any multi-dimensional array qualifies as a scientific
data set or SDS if it’s associated with
• a dimension record and
• a data type.

■ In addition to providing a framework for storing arrays of
arbitrary dimensions and data type, the SDS data model
supports
• dimension scales,
• user-defined attributes and
• predefined attributes.
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Three-Dimensional SDS Example
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SDS Program Example
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SDS Interface Routines
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SDS Interface Routines (continued)
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Vdatas (VS API)

■ The vdata object is a collection of records whose values are
stored in fixed-length fields.

■ The HDF Vdata model provides a framework for storing
customized tables, or vdatas, in HDF files.

■ The term “vdata” is an abbreviation of “vertex data” which
alludes to the fact that, when the object was first implemented in
HDF, it was designed specifically for the purpose of storing the
vertex and edge information of polygon sets. The vdata design
has since been generalized to apply to a broader variety of
applications.

■ Vdatas are uniquely identified by
• a name,
• a class
• and a series of individual field names
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Vdata Table Example
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Example of Different Possible Vdata Structures
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Interlaced and Non-Interlaced Vdata Contents
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Vdata Interface Routines
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Vdata Interface Routines (continued)
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General Raster Images (GR API)

■ HDF users familiar with the SD interface will find the general
raster data model a simplified version of the SD scientific data
set model, customized to accommodate image data storage and
manipulation.

■ The raster image data is stored in a two-dimensional array and
attributes can be created for the image, the file or both.

■ Palettes can be created and attached to the image as well as
compression method information.

■ A fundamental difference between the SD scientific data model
and the GR raster data model is the absence of customizable
dimensional information in the GR data set.
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General Raster Image Data Set Contents
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GR Interface Routines
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GR Interface Routines (continued)
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Vgroups (V API)

■ A vgroup is a structure designed to associate related objects.
■ Data organization within a vgroup resembles the UNIX file

system.
■ The general structure of vgroups are similar to UNIX directories

or subdirectories in that a vgroup may contain references to
other vgroups or data objects.

■ In previous versions of HDF, the data objects in a vgroup were
limited to vdatas. Any HDF data object can now be included
within a vgroup.
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Vgroup Example
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Vgroup Interface Routines
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Annotations (DFAN and AN API)

■ When working with different data types, it is often convenient to
identify the contents of a file by adding a short text description or
annotation.

■ An annotation serves as the label for a file or data element.
■ As they are implemented as variable-length strings, HDF

annotations are designed to accommodate a wide variety of
information including titles, comments, variable names,
parameters, formulas, and source code.

■ In fact, HDF annotations can encompass any textual information
regarding the collection, meaning, or intended use of the data.
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File and Object Annotations
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DFAN Interface Routines
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Limitations

■ H-Level Limits
• files open at a single time: 32
• access records open at a single time: 256
• file size: 1 GB (?)

■ Vdata Limits
• fields in a Vdata: 256

■ SD Limits
• attributes for a given object: 3000
• maximum dimensions per data set: 5000
• maximum variables per data set: 5000
• maximum per variable dimensions: 32
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HDF Version 5 Preview

■ no file size restrictions
■ improved performance
■ parallel input/output

• MPI
• network-of-workstations

■ object-oriented
■ backward-compatible
■ netCDF-compatible
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Public Domain HDF Software

■ NCSA HDF Utilities
• conversion utilities
• tools for analyzing the contents of an HDF file
• tools for manipulating HDF files

■ NCSA Java-based HDF Viewer
• an interactive tool for viewing an HDF file

■ NCSA X DataSlice
• allows the user to manipulate 3D images under X11, using the

HDF file format and libraries

■ DDI
• extracts only the relevant data and providing it to a chosen

graphics engine in the required form without undue effort
• reads and writes a number of publicly available file formats
• sends data to public domain and commercial visualization

systems



TRANSIMS Page 40 of 50

Public Domain HDF Software (continued)

■ Envision
• an interactive system for the management and visualization of

large scientific data sets
• runs under X/Motif
• manages data stored in HDF or netCDF files
• does visualization using IDL, NCSA Collage, and NCSA

XDataSlice

■ GRASS
• an integrated set of programs designed to provide digitizing,

image processing, map production, and geographic information
system capabilities to its users

■ HDF Browser
• for Windows and Macintosh
• offers point-and-click access to data stored in the HDF format
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Public Domain HDF Software (continued)

■ HDFLook
• Motif HDF viewer, useful for quality control of Scientific Data

Sets
• allows easy access to physical values and ancillary data, and

includes 2-D graphics (radial, histogram)

■ LinkWinds
• visual data analysis and exploration system designed to rapidly

and interactively investigate large multivariate and
multidisciplinary data sets to detect trends, correlations and
anomalies

■ Ingrid
• designed to manipulate large data sets and model input/output
• reads and writes netCDF files, writes HDF files
• generates plots, including line, contour, vector, and scatter

plots, as well as histograms
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Public Domain HDF Software (continued)

■ SciAn
• scientific visualization and animation package for Silicon

Graphics workstations
• brings together the power of 3-dimensional scientific

visualization and movie making with the ease of use and
familiarity of object-oriented drawing packages

■ VCS
• facilitates the selection, manipulation, and display of scientific

data
• user gains virtually complete control over the appearance of the

data display and associated text

■ VISTAS
• an interactive, large volume data browsing and probing

environment
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Commercial HDF Software

■ AVS
• incorporates latest advances in visualization software, graphics,

networking, high performance systems, and industry standards
into a single comprehensive visualization environment

• offers data input and output modules which will read and write
files in HDF format

■ Data Explorer
• general-purpose software package for data visualization and

analysis

■ ER Mapper
• an advanced digital image processing and remote sensing

system created to help earth scientists integrate, enhance,
visualize, and interpret their geographic data

• allows truly interactive “real time” integration and processing of
data
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Commercial HDF Software (continued)

■ IDL
• software package for data analysis, visualization, and

application development
• advanced image processing, interactive 2D and 3D graphics,

insightful volume visualization, a high-level programming
language, integrated mathematics and statistics, flexible data
I/O, a cross-platform GUI toolkit, and versatile program linking
tools

■ IRIS Explorer
• powerful yet easy-to-use sophisticated visualization system with

a user environment that allows users and application
developers to build complex applications for visualizing sets of
data.
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Commercial HDF Software (continued)

■ Noesys
• opens HDF files, displays their full contents, and provides

editors for working with all of the types of scientific data that can
be stored within an HDF file

• includes a powerful Fortran-based data manipulation language,
along with easy-to-use visual data analysis tools, Plot,
Transform, and T3D, for menu driven plotting, rendering, and
image analysis

• can import any ASCII and binary data, create annotations,
macros, images and color palettes specific to the data and save
it all as an HDF file

■ PV-Wave
• for solving problems requiring the application of graphics,

mathematics, numerics, and statistics to data and equations.

■ MATLAB
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Web Site — http://hdf.ncsa.uiuc.edu/
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TRANSIMS Data Requirements

■ metadata†

■ variety of data formats
• tabular/relational*

• multidimensional arrays*

• bitmaps (?)*

■ large data sets‡

■ indexing
■ sorting¶

■ filtering¶

■ compression†

■ parallelism‡

■ high-performance‡

■ platform-independence*

*supported fully by HDF4 †supported partially by HDF4
‡to be supported by HDF5 ¶supported by HDF-compatible analysis software
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TRANSIMS Data Files

■ database subsystem files
• network data tables
• microsimulation output specifications

■ plan files
• planner output files (text)
• post-processed plan files (binary) for input to CA

microsimulation

■ simulation output subsystem files
• evolution/trajectory data
• event data
• summary data

■ post-processed simulation output
• various ad-hoc formats
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Possible uses of HDF in TRANSIMS

■ a platform-independent file import/export format
■ a bridge to numerous data analysis and visualization software

packages
■ a native format for all TRANSIMS data
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Future Plans for HDF in TRANSIMS

■ develop HDF connectivity to current TRANSIMS files
• import/export utility for the TRANSIMS database subsystem
• export utility for the TRANSIMS simulation output subsystem

■ evaluate HDF-compatible data analysis and visualization
software

■ monitor progress on HDF5 and consider it as a candidate for the
native TRANSIMS data format in the future
• parallel input/output needed
• support for very large data sets needed
• C++ and Java interfaces needed
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